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Abstract 
The effect of axial wall heat conduction in circular tube laminar flow and heat transfer has been investigated under 
constant temperature boundary conditions. Three-dimensional numerical simulations are performed with different 
wall thicknesses, wall materials, tube lengths as well as a wide Peclet number range from 7 to 7000. Three parameters 
including the modified axial conduction number (M), the so-called axial conduction number (Mc) and the temperature 
gradient number (ȕ) are comprehensively studied. Under the thermal boundary condition of constant wall temperature, 
the temperature gradient number is introduced to evaluate the importance of the axial wall heat conduction.  
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1. Introduction 
The effect of axial wall heat conduction in macro- and micro-tube convection has attracted increasing 
attention in engineering. Maranzana et al. [1] proposed the axial conduction number Mc, to quantify the 
influence of the axial conduction. Zhang et al. [2] simulated the effects of wall axial heat conduction in a 
conjugate heat transfer problem in simultaneously developing laminar flow and heat transfer in straight 
thick wall of circular tube with constant outside wall temperature. So the criterion for judging whether the 
axial heat conduction can be neglected is not enough with only considering of the Mc. In our previous 
work [3], an approximate method was proposed to predict the fluid bulk temperature from the tube wall 
temperature in the presence of axial wall conduction for laminar tube flow and heat transfer. In this 
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extended paper, how to assess the effect of axial wall heat conduction is discussed under constant wall 
temperature imposed on the outside wall surface. Three-dimensional numerical simulations are conducted 
of the simultaneously developing/developed laminar flow in circular tubes of different lengths, wall 
materials and wall thicknesses. A new dimensionless parameter, ȕ, namely the temperature gradient 
number, is proposed to assess the relevance of axial wall heat conduction. Further, the relationship 
between the temperature gradient number and the so-called axial conduction number (Mc) are discussed.  
2. Parameter definition 
To estimate the effect of axial wall heat conduction, the temperature gradient number ȕ, is introduced 
and defined as:  
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ȕ is the ratio of the wall temperature gradient to the fluid temperature gradient. Twi,out and Twi,in are the 
outlet and inlet average temperatures at the wall inside surface, respectively; Tf,out is the outlet cross 
sectional average bulk temperature of the fluid; and Te is the ambient temperature of fluid before entering 
the heated tube. L is the heated length of the tube.  
  Previously the so-called axial conduction number, Mc, was introduced and defined as the ratio of the 
axial heat transfer by conduction in the wall (ĭcond//) to the heat transfer by convection in the fluid 
(ĭconvŏ)[1] and the same temperature difference was used for the calculation of both tube wall conduction 
and the fluid convection. In fact, the wall temperature difference (ǻTwi ) is not equal to the fluid 
temperature difference (ǻTf ) in the presence of the axial wall heat conduction. The modified axial 
conduction number M is described as 
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where ǻ=į/Di, As, Af are the cross-sectional area of the solid wall and the fluid, respectively. m is the 
mass flow rate, cp is the fluid specific heat capacity, ksf=ks/kf and ks and kf represent the wall thermal 
conductivity and the fluid thermal conductivity, respectively. It is can be found that the axial wall 
conduction number, M, has two factors: one is the Mc and another one is temperature gradient number (ȕ).  
   Under the thermal boundary condition of constant wall temperature, without consideration of axial wall 
heat conduction, the wall temperature difference (ǻTw) between outlet and inlet is equal to zero, i.e 
ǻTw=0, consequently, the temperature gradient number is also equal to zero ( ȕ =0). If the temperature 
gradient number is more than zero, i.e.  
ȕ >0       (3)  
it may assume that the axial wall heat conduction exists.   
3. Results and discussion 
The influences of wall thermal conductivity, wall thickness, tube length and heat losses through the end 
sections of tube wall will also be discussed under constant wall temperature. 
The variations of M, Mc and ȕ at different wall thermal conductivity are reported in Fig.1 with 
reference to the case L/Di=100, į/Di= 0.5. As can be seen, the temperature gradient number increases with 
increasing Peclet number and/or with decreasing ratio of the solid thermal conductivity to the fluid 
thermal conductivity (ksf).  In contrary, the M and Mc decrease with increasing Peclet number and/or with 
decreasing ratio of the solid thermal conductivity to the fluid thermal conductivity (ksf). Although M, Mc 
and ȕ are far less than 0.01 with increase in Peclet number, the results could not be generated that the 
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effect of axial wall heat conduction on bulk temperature will be negligible if the criterion for judging 
whether the axial heat conduction can be neglected is adopted to M<0.01. In reality, the influence of axial 
wall heat conduction is much larger for the case with L/Di=100, į/Di=0.5, ksf=1(glass/water), Pe=700 
though the M, Mc, and ȕ are calculated to 1.55e-5, 1.4e-5 and 1.11, respectively. The corresponding non-
dimensional temperature distributions are shown in Fig.2, where the dimensionless temperature is defined 
as tf=(Tf-Te)/(Two-Te), twi=(Twi-Te)/(Two-Te). The influence of axial wall heat conduction is evident that the 
inside wall temperature (twi) is much lower than the outside wall temperature (two), and the bulk fluid 
temperature (tf) at į/Di=0.5 is lower than that without wall thickness (į/Di=0). The maximum error 
indicator of bulk temperature is about 50%. The inside wall temperature is close to the outside wall 
temperature, the maximum error indicator of bulk temperature is 32%. So the effect of axial wall heat 
conduction increases with an increase in Peclet number and this conclusion is different from the uniform 
heat flux. Hence, parameter M (Mc) is not valid for judging the effect of the axial heat conduction in the 
wall under the thermal boundary condition of constant outside wall temperature. The temperature gradient 
number can be applied to assess the effect of axial wall heat conduction. The smaller the temperature 
gradient number is, the weaker the wall heat conduction effects.  
    The variations of M, Mc and ȕ at different wall thickness and different tube length are reported in Fig.3 
with reference to the case ksf= 28. From Fig.3a, it is can be seen that ȕ increases with an increase in wall 
thickness. So the effect of axial wall heat conduction on the bulk temperature is strengthened for thick 
wall tube.  From Fig.3b, it can be found that the temperature gradient number of short tube is lower than 
that of long tube at low Peclet number and it is higher at high Peclet number. Whereas the corresponding 
modified axial wall conduction number is higher than that of long tube among the range to the whole 
Peclet number. 
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Fig. 1 Variations of M, Mc and ȕ vs Pe  for ksf=28,1            Fig.2 Dimensionless wall and bulk temperatures for ksf=1 
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(a) different wall thickness                                            (b) different tube length 
Fig. 3 Variations of M, Mc and ȕ vs. Pe for ksf=28 
2354   Mei Lin et al. /  Energy Procedia  61 ( 2014 )  2351 – 2354 
3. Conclusions 
The influence of axial wall heat conduction in circular tube laminar flow and heat transfer has been 
investigated under constant wall temperature. The main conclusions are drawn as follows: the axial 
conduction number (M and Mc) can not be adopted for judging the effect of the axial heat conduction can 
be neglected. The temperature gradient number is proposed to justify whether axial wall heat conduction 
can be neglected. The temperature gradient number (ȕ) increases with increasing Peclet number and the 
ratio of wall thickness over tube diameter, with decreasing ratio of the solid-fluid thermal conductivity 
(ksf). Therefore the smaller the temperature gradient number is, the weaker the effects of axial wall 
conduction.  
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